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SUIEL'JIY 


The  Gxperincntal  results  on  the  tubes  equipped  vrith  four  interdigital 
lines  mounted  in  parallel  have  not  been  satisfactory^  These  negative  results 
are  thoxight  to  be  due  to  the  existence  of  several  parasitic  nodes. 

Therefore  the  mounting  of  new  tubes  of  that  typo  has  been  given  up 
and  the  efforts  have  been  directed  tmto  the  follovring  problems, 

a  -  Conplonentary  tests  on  intcrdigital  lines,  essentially  centorod  on  pro¬ 
pagation  and  the  parasitic  nodes  so  as  to  understand  bettor  tho  bchnviotir 
of  the  circuits  nounte'^  in  parallel, 

b  -  Study  of  a  new  u-ater  cooled  tube  project.  It  differs  basically  from  the 
sinilar  project,  described  in  the  last  report,  W.R,  563,  by  tho  section 
and  tho  shape  of  the  fingers.  Wo  are  led  to  a  tube  v;hore  the  vrholo  of  the 
fingers  is  cooled,  tho  circuit  regularity  is  optiuiin,  and  tho  general 
dinensions  are  smaller,  /js  far  as  we  loiovj,  this  project  seems  to  make 
possible  tho  obtention  of  bettor  porfomancos, 

Tho  study  of  tho  circuit  and  of  its  notching  has  been  done  by  noans 
of  tv/o  experinental  lines  at  tho  scales  3  and  1 . 

Technological  tests  concerning  this  project  are  finished.  Two  tubes 
have  boon  started;  their  parts  are  being  machined,  and  offiof  then  is 
being  mounted. 


/ 


Wo  have  also  achieved  the  following  v/ork  : 


-  Linear  tube  :  a  project  is  being  studied,  based  on  the  use  of  a 
now  gun  tj^po* 

-  General  studios  on  the  lines  :  they  have  been  piirsuod  with  conplo- 

nontary  tests  on  the  alternated  linger  lino,  and  research  work  on 
a  new  obliepjc  line. 


DET/J7.ED  REPORT 


I.  TTIEBS  THE  CIRCUIT  OF  I'HICH  IS  COItPOSED  OF  4  LDHTS  IN  P/JL‘J.LEL 


1,1.  Gonor^.l  considcrr'.tions 

In  the  pro’/lous  report  1?,R,  563,  v;e  ostablishod  tho  possibility  of 
obtaining  a  power  in  the  order  of  500  Vfatto,  with  a  very  lotf  efficiency  of  10  % 
and  a  c^in  of  3  dB,  on  a  lockod-in  carcinotron,  tho  circuit  of  vxhich  presents 
a  very  hi{^  attenuation. 

Those  insufficient  results  caimot  bo  attributed  to  tho  resistivity 
of  the  circuit,  vhicli  is  entirely  cade  of  copper.  On  the  contrary,  it  ni^^t  per¬ 
haps  bo  possible  to  ieprovo  sli^^.tly  the  perfomancos  of  this  type  of  tube  by 
reducing;  the  Icn/jth  of  tho  lino  so  ns  to  realize  a  conpronise  botvreon  the  atte¬ 
nuation  of  the  conb  and  tho  startin,:;  c\u:ront  of  tho  carcinotron, 

Actvially,  it  is  probable  that  the  ascertained  high  frequency  facts 
are  due  to  a  coeplex  functionfji^* .  of  the  quadruple  circuit,  characterized  by 
the  presence  of  parasitic  propa^jation  codes  \fhich  appear  core  easily  as  the 
regularity  and  the  input  of  this  circuit  are  loss  perfect. 

It  has  been  fihouf^t  illusionaiy  to  try  and  obtain  ^/ith  this  tube 
convenient  perforn'iances  vrithout  a  core  conplote  knowledge  of  tho  propagation  on 
cultiple  intordigital  lines, 

Tho  realization  of  this  typo  of  tube  has  therefore  been  abandoned 
for  tho  benefit  of  tho  present  study. 
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II. 


1,2,  Study  of  tho  propnfcatlon.  Parasitic  nodes. 

This  study  my  bo  doconposed  c.s  follovrs  : 

a)  idontification  of  tho  various  nodes  propagated  by  an  asscnbly  of  inter¬ 
digital  linos  in  parallel, 

b)  rosoarch  of  the  causes  for  vrhich  the  par.asitic  nodes  appear  (poor  nat- 
ching  of  tho  lino,  unsynnotrical  input,  otc...  ), 

c)  influence  of  tho  coupling  betwoen  lino  in  parallel, 

d)  elinination  of  tho  parasitic  nodes. 

Tho  first  phase  of  this  study  was  considered  once  nore  by  carrying 
out  conparativG  noasurouents  betwoon  siuplc  and  nultiplo  intordigital  lino 
circuits.  As  it  is  lcno;m,  only  one  node  propagates  on  a  sinplc  line,  vrhereas 
on  a  double  circuit  tv;o  nodes  (a  symctrical  and  an  antisynnctrical)  can  propa¬ 
gate  sLnultanoously  with  different  velocities,  Ono  should  therefore  find,  in 
the  latter  case,  two  ncig^abouring  dispersion  curves. 

For  tho  tir.:o  being,  the  precision  of  tho  ncasurenonts  effected  has 
not  pomitted  to  identify  with  certainty  tho  tnio  nodes  of  propagation, 

TUBE  ;;iTH  A  VfATER  COOIJD  CIRCUIT 


Soveral  nodifications  have  been  nado  on  the  project  discussed  in 
tho  preccdiiig  report  V/,R,  563, 

11,1,  Principle  of  the  nodifications 
11,1.1,  Finger  gcoaotr^ 

Tho  basic  idea  vras  the  uoe  of  a  tube  bent  in  U  shape,  with  outer 
and  inner  diauetors  equal  respectively  to  1  nn  and  0,7  mn,  but  the  central  part 
of  which  was  flattened  (see  Pig,5.  of  tho  last  report)  :  thus,  while  naintaining 
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on  the  circuit  a  prodctornined  snail  pitch,  a  nore  inportant  average  passage 
section  for  the  cooling  water  is  obtained.  Heasxirebonts  of  the  flow  rate  in 
function  of  the  prossxiro  have  shown  later  on  that  a  tube  vdth  a  0,3  inner  din- 
netor  was  sufficient,  as  long  as  vfater  pure  enough  to  prevent  risks  of  obtura¬ 
tion  is  used.  It  has  therefore  been  finally  possible  to  adopt  a  constant  section 
tube,  for  the  nanufacturing  of  fingers. 

To  this  fundanontal  argunent,  it  can  be  added  that 

-  the  nachining  is  made  oasior 

-  the  circuit  regularity  is  greater 

-  the  coupling  resistance  of  a  circular  tube  is  bettor  than  that 
of  an  ovoid  tube. 

Let  us  point  out  also  that  two  projects  have  boon  envisaged  on  this 
basis,  using  in  one  caso  U  shaped  fiagors,  and  in  the  other  caso  trapedoidal 
\ _ /  shaped,  so  as  to  obtain  a  circuit  as  regular  os  possible, 

11,1,2.  Cooling  of  the  first  fingers 

In  the  previous  report  we  indicated  sono  of  the  nain  characteristics 
of  the  CM  13  R  cs  it  had  been  conceived  in  the  first  sonestor  (see  general  design 
Fig,8,  of  report  n°  7)«  In  particular,  it  vras  said  that  the  three  first  fingers 
of  the  line  would  not  bo  cooled. 

In  order  to  overcome  this  inconvenience,  and  for  other  reasons  of 
technological  order,  the  project  has  boon  nodifiod  and  has  led  to  a  device  in 
which  all  the  fingers  are  touched  by  the  wator  circulation.  This  has  boon  node 
possible  by  the  use  of  trapezoidal  shape  fingers. 

The  general  choractoilstics  of  this  nev;  version  of  the  CM  13  R 
are  given  horoaftor. 
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11,2,  Circular  tubo  irLth  trapezoidal  fin/y^rs 

This  tubo  is  now  boin^j  realized.  For  it  seens  that  this  version  has 
the  naxinm  guorantios  of  success  when  opposed  to  the  difficulties  rosunod  in 
paragraph  11,2, 

11,2,1,  Stud^  of_tho_circuit 

A  -  Characteristics  :  tho  trapezoidal  shape  fingers  arc  uade 
fron  a  Monel  tubo,  with  a  0,6  nn  outer  dianotor.  This  uaterial  has  boon  chosen 
so  as  to  give  tho  fingers  a  sxifficicnt  rigidity  despite  thoir  suall  section, 

Tho  inconvonioncy  of  tho  poor  electric  conductivity  of  Monel  is  olininatod 
by  a  superficial  coppor-plating,  idiich  taJecs  into  account  tho  sldn  effect. 

Fig,  1,  sha\J3  tho  uain  gconotric  characteristics  of  this  circuit, 
Tho  pitch  is  of  1.5  nu  like  in  tho  first  CM  13  R  version;  tho  total  lino  width 
passes  to  12  nn,  the  hoi^.t  of  the  back-plato  ridgos  is  broucdit  back  to  0,83  nn, 

B  -  Study  of  tho  dispersion 

a)  -  1,0_cn  cxj5oi^ncnt£.l_lino  (soo  Fig,  2,) 

A  lino  at  tho  scale  3,  corresponding  to  tho  ono  described  above, 
but  with  fingbrs  with  a  2,4  nn  dianotor  (0,8  x  3)  instead  of  1,8,  has 
boon  used,  Tho  length  of  tho  fingers,  tho  intervals  betwoon  the  fingers 
and  bctirecn  tho  fiiigors  and  tho  back-plato  aro  absolutoly  houothetic, 

Tho  c/v  =  f  (  A  )  curve  has  boon  plotted  by  using  tho  resonance 
nothod  (Fig,  3), 

It  will  be  noticed  that  tho  delay  ratio  goes  fron  12  to  20  fron 
ono  ©xtronity  of  tho  band  to  tho  other, 

b)  -  3  cn  experinontal  lino 

The  olonont  of  tho  linear  circuit  on  which  tho  ncasurononts  have 
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been  effected  is  in  exact  conforaity  ^dth  the  description  of  paragraph 
1,1,1.  It  has  25  fingers  (see  Pig,  4), 

The  dispersion  haa  boon  noasnrod  by  the  method  of  the  mobile  probe. 

The  curve  obtained  is  given  by  Pig,  5<. 

Tho  extreme  values  of  the  delay  ratio  are  : 


8,000  Mc/s 

c/v  =  25 

10,500  Mc/s 

i; 

The  very  good  concordance  of  the  results  obtained  on  the  experimental 
linos  at  tho  scales  1  and  3  will  bo  noted,  especially  as  they  are  not 
absolutely  homothotic, 

11,2,2.  Transformer 

In  tho  previous  report  (paragraph  11,2,  page  7),  tho  main  details 
concerning  tho  study  of  tho  CII  13  R  natcliing  transforr.ior,  have  been  given, 

Tho  now  version  makes  use  of  a  transformer  vdth  identical  diaractoristics;  tho 
mismatching  caviscd  by  tho  use  of  a  modified  lino,  is  corrected  very  simply  by 
tho  use  of  snail  short-circuits  fixod  betiroon  tho  first  tiro  fingers  near  their 
extremities. 

This  correction  has  boon  made  directly  on  tho  lino  at  tho  scale  1 
(see  Pig,  6),  On  Pigo  7,  tho  matching  curve  of  this  line  has  been  plotted, 

Tho  V,S,W,R,  is  in  tho  order  of  2,  Tests  are  being  made  to  diminish  this  value. 

Photograph  8  A  and  B  shovf  tho  details  of  the  experimental  transformer 

,  •  •  /  •  • , 
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II. 2. 3*  CM  13  R  desiftn  project  -  2nd  version 
A  -  Gonornl  conception 

In  the  first  version  of  the  CII  13  R»  described  in  our  provio’^ 
report,  the  fin^jers  '.fore  threaded  and  brazed  in  holes  drilled  throxif^  the  cylin¬ 
drical  rin^'.  Further  tochnolocical  tests  have  shovm  that  the  rcGularity  of  the 
drilling  v^as  unsatisfactory  because  of  the  tendency  of  the  drill  to  slide  obli¬ 
quely  in  the  notal. 


In  the  novj  version  this  difficulty  has  boon  ovorcone  by  divi- 
dinc  the  rin^  into  throe  elcnentary  rincs.  The  ffe^.-ors  are  located  in  seni-cylin- 
drical  slots  oillod  with  all  the  dcsirod  precision  on  the  junction  vralls  of  the 
three  rin<js  (seo  Pi^j,  9)o 

This  technique  furtherraoro  alloirs  to  nalco  use  of  trapezoidally 
shaped  fin£::ors  which  confer  to  the  tubo  assonbly  the  following  advantaces  : 

a  -  the  junction  surfaces  of  the  three  elcnentary  rinjs  are  conical  j 
durin,:!  the  brazing  operation  the  accurate  positionin^j  of  the 
assonbly  is  easier  to  bo  insured, 

b  -  the  spacing  botifoen  the  t\fo  oxtrenitios  of  the  finders  allows 
to  place  vrithin  the  rinj  the  torainal  position  of  tb  transfomer 
while  onsurinc,  nonetheless,  the  cooling  of  all  the  fin^jers, 

c  -  the  loss  of  pressure  in  the  curved  portion  of  the  fingers  is 
lower. 

The  height  of  the  tube  has  boon  reduced  to  40  m  by  uodifying  the 
design  of  the  colloctor  and  the  feeding  stoh. 


• • •/ • ' 
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B  -  Charnctoristlca 

/Jnost  all  of  tho  characteristics  of  the  first  C!I  13  R 
version  have  been  conserved.  Yet,  the  a/ioption  of  tho  lionel  tube  of  0,6  m 
outer  dianeter  for  tho  finder  nanufacturo  resulted  in  a  reduction  of  the  heif^t 
of  the  back-plate  rid^^s  at  the  oxtreuity  thereof  to  0,2  on  fron  the  top  of  tho 
fincera. 

Moreover,  in  reason  of  their  nmf  shape,  the  f infers  have 
a  ali^^tly  creator  lon^jth. 

Mo  recall  tho  min  characteristics  ; 


-  Total  nutibor  of  fincors  .  91 

-  Nunber  of  attenuated  fincors  .  31 

-  Finccr^lonfrth  . . .  13,6  m 

-  Pitch  .  1,3  DC 

-Width  of  tho  interaction  space  ,......,  10  m 

-  Lino  -  sole  distance  . .  1,2  m 


C  -  General  drawing 


Fie,  10  is  a  General  drawing  of  tho  tube.  There  will  be 
noticed  tho  siz:plification  of  tho  desicn  of  tho  feodin^j  sten,  tho  reduction 
of  tho  cross-section  of  vjhich  has  pemittod  to  reduce  tho  tube  hoi/^t.  There 
will  bo  also  noticed  the  nodifications  brou<^t  to  tho  tronsfomor  assembly, 

11,2.4,  ^e  state  of_realizotion_work 
A  -  Technolocical  tests 

a)  -  Copper  pl.atinc  and  shaping  of  tho  fincers 

Tho  Monel  tube  is  coated,  by  electrolytic  deposition,  Td.th  a  l/lCX5  m 
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tMck  copper  layer.  Then  the  copper  is  diffused  at  800®C  during  half  an 
hour. 


Finally  the  fingers  are  shaped  on  a  special  stool  nodol. 


b)  -  Brazing 

The  goJiSTal  assonbly  project  of  the  tu^^  has  foreseen  three  stages 
of  brazing,  the  choice  of  the  first  alloy  being  conditioned  by  the  tenix)- 
raturo  beyond  \diich  the  superficial  copper  layer  deposited  on  the  Honcl 
risks  to  bo  olininatod.  Therefore  wo  have  foreseen  the  successive  use  of  : 

-  Silcoro  75  (Au  75 »  Cu  20,  Ag  5)  for  the  realisation  of  8ub-*ssoa- 
blios  (tonperaturo  of  fusion  890oC) 

-  Palladiun  eutectic  (Ag  685,  Cu  265,  Pd  50)  for  assonbling  tho  sub- 
aasenblios  togc'^bor  (tonperaturo  of  fusion  790®C) 

-  Incosil  15  (in  15,  Cu  24,  Ag  6l)  to  solder  the  input  finger  of  the 
transfomer  on  tho  first  fin-ger  of  tho  lino 

Tho  third  stage  nay  optionally  be  dispensed  v?ith  by  realizing  the 
corresponding  operation  during  tho  second  one, 

A  trial  of  brazing  tho  lino  \ri.th  Silcoro  75  was  not  satisfactory. 

This  alloy  flwm  rather  badly  and  it  is  difficult  to  insure  a  perfect  ti£dit- 
ncss  on  assenblios  of  parts  >n.th  fragile  contours  of  tho  progranation,  and 
tho  tonperaturo  controls  are  not  rigorously  established.  In  view  of  this 
difficulty,  it  has  been  decided  to  use  during  the  first  stage  the  Pd  eutec¬ 
tic,  and  the  Incosil  15  for  tho  grouped  second  and  third  stages,  A  second 
version  CM  13  R  tube,  now  being  nountod,  ^rf.11  bo  brazed  soon  in  accordance 
with  this  process. 


•  •  • 
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Jointly,  eystonatic  tests  will  bo  corriod  out  with  Silcoro  75;  the 
uso  of  this  alloy  nay  porr.iit,  in  the  definite  tube  versions,  b  avoid  the 
use  of  Incosil  15  viiioh  is  relatively  fra^^-lo  for  rocoivinf;  the  sub-asson- 
blies. 


c)  - 

Tho  photocro-ph  of  F±g,  1 1  show  the  line  olononts  which  served  to 

study  tho  water  circulation  and  the  naxiriun  thomal  dissipation  of  tho 

fin^^ers,  Tho  inner  dianotcr  of  tho  Ilonol  tube  is  0,3  riri.  It  has  boon  found 

2 

for  an  input  pressure  of  10  Kc/cn  and  per  fincer  : 

flow  . .  1,1  ca  /  sec 

speed  ef  flow  ....  15.5  n/  sec 

Tho  circuit  bcin^  heated  by  Joulo  effect,  tho  fusion  of  tho  10  fin- 
Gcra  occvircd  for  h  total  applied  pov;or  cxcoodinc  4,700  Watts,  i,o,  470  Watts 
per  finder. 

Assuuinc  that  tho  lon£;th  of  the  electron  bean  is  approxinato^  equal 
to  one  half  of  a  finger  length,  and  that  practically  no  noro  electrons  in- 
pingo  on  tho  other  half  of  tho  line,  the  line  (50  fingers)  will  bo  able  to 
dissipate  in  tho  thcrr’ic  fom  on  energy  of  tho  order  of  10  KVf, 

This  dissipation  povfor  is  greatly  sufficient  even  if  assuiiing  an 
efficiency  of  30 

B  -  Realization 

Tho  tubes  are  boing  nanuf actured ,  most  of  the  conponents 
are  ready.  Mo  uay  cite  in  particular  ;  bodies  with  cooling  jacket,  lino  blocks 
(ring  and  fingers),  solo,  collector  irfith  cooler,  UHP  output  window,  wave  guide, 
Sotie  of  these  conponents  con  be  seen  in  Pig,  9  (rings,  fingers)  and  Pig,  12 
(collector,  solo). 


•  •  • 
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The  first  lino  block  is  being  uountod,  and  Td.ll  bo  brazed 
soon.  It  nay  bo  hoped  that  the  first  coiiploto  tube  Trill  bo  available  in  tho 
course  of  January, 

11,3.  Linear  tube 

Tho  conception  of  this  tubo  cas  considered  vrhon  realizing  a  linear 
test  of  tho  7T  typo  circuit  .  Indeed,  tho  regularity  of  this  lino  is 
ali'.ost  perfect  and  the  joints  a.ro  tied^t. 

The  scheno  of  tho  tcchnicql  realisation  is  ns  follorrs  : 
a  -  Drilling  0,6  m  dianotor  holes 

b  -  Hilling  0,5  nn  depth  and  1  on  dianotor 

c  -  Ilounting  tho  ossenbly  finger 

soldering  ring 
copper  ring 

This  is  the  prooess  used  for  realizing  cireuits  of  the  sane  typo 
on  tubes  operating  at  1,000  IIo/s, 

It  is  not  possible  to  manufacture  by  this  process  circular  tubes 

because  : 

a  -  drilling  from  inside  torrerds  outside  is  unfeasible, 
b  -  milling  is  very  difficult  to  do  irithin  10  cn  dianoter  rings. 

On  tho  contrary,  in  tho  present  state  of  tho  technique,  this  process 
when  applied  to  a  linoar  tube,  appears  to  permit  tho  obtention  of  tho  greatest 
oircuit  regulfrity. 

Yet,  this  solution  has  not  boon  retained  presently  for  tho  follo¬ 
wing  reasons  : 


. , •/ « , • 
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a)  the  first  throe  fingors  are  not  cooled.  Now  if  the  circular  version  civos 
satisfactory  results  and  dononstrates  the  necessity  of  coolin^j  the  whole  circuit, 
the  linear  tube,  at  least  in  the  conception  briefly  sot  forth  above,  is  no  longer 
justified.  Besides,  the  adoption  Of  trapozoidally  shaped  fin^rs  for  a  linear 
circuit  would  bo,  of  cotiroo,  noanincloss, 

b)  it  wovild  be  difficult  to  naintain  the  line-solo  distance  constant  vrithin 
0,05  m  on  a  7  cn  lon^h. 

In  connection  thoro>'ith  it  nay  bo  noted  that  the  reason  a)  con  be 
olininatod  by  the  study  of  a  now  cun.  This  stiidy  vfas  started  recently, 

III,  STUDY  OF  NE17  CIRCUITS 

111.1,  Ladder  typo  delay  lino  vrith  alternate  fincors 

This  study,  bocun  dvirinc  the  period  covered  by  the  previous  report, 
has  been  resunod  on  a  lino  clcucnt  constituted  by  25  fincers.  The  diancter  of 
the  fincers  is  4  nn,  the  pitch  6  m  -see  photo  13), 

The  dispersion  curve  (Pic,  14)  has  been  plotted  accordinc  to  nea- 
sTireuonts  carried  out  throu{^  throe  different  ucthods  (rosonnneo,  nobilo  short- 
circuit,  nobilo  probe).  The  rosvilts  are  in  accordance  with  the  statonont  on 
this  subject  in  the  previous  report, 

111. 2.  Oblique  ladder  typo  delay  lino 
111,2,1,  Principle 

It  is  known  that  a  straif^t  laddrr  delay  lino  has  a  pass-band 
of  zero  width.  If  the  bars  are  placed  obliquely  vrLth  respect  to  the  direction 
of  propacation  of  the  bean,  the  capacities  per  unity  loncth  between  the  fincers 
aro  different  on  the  edges  mid  at  the  center  :  the  dispersion  is  no  longer  ver¬ 
tical. 
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III.2.2.  Study  of  the  dispersion 

For  a  lino  of  this  typo  one  nay  incite,  vrith  the  sane  notation 
as  in  the  previous  report  (p,  10)  ; 


t ‘L  tr  _  ^  >'it  •5^ 


Tho  cxpcrir’ontal  dotemination  of  the  dispersion  curve  uas  roado  vith 
the  aid  of  a  line  oloLiont  shown  on  tho  photo/jraph  of  Fi.^.  15«  I'o  have  ; 


-  Inclination  of  tho  fin,^ors  .  60® 

-  Finder  dianotcr  .  4  m 

-  Finder  heiglit  . .  10  m 

-  Lino  TO-dth  . .  34  m 


The  noasxircncnts  aro  exprosocci  by  the  curve  of  Fi{j',  16,  It  ;d.ll  bo 
noticed  that  tho  pass-band  is  relatively  lovr  (about  10  5^), 

On  tho  contrary,  the  coupling  rosistanco  must  be  iuportant  and  it 
oay  bo  envisaijod  to  operate  II  type  Carcinotrons  on  tho  second  space  hamonic, 

Fbjially,  it  will  bo  noted  that  such  a  structure,  having  no  back-plate 
is  easy  to  bo  realized;  cooling  the  fin^rs  vroiold  not  present  any  particular 
difficulty. 
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PROGRAM  OP  RESE/JICH  FOR  THE  NEXT  PERIOD 


The  realization  now  boinc  done  of  tv;o  tubes  with  ladder  delay  linos, 
having  a  ridged  back-plate,  and  trapozoidrJly  shaped  fingers  cooled  by  water, 
will  be  continued.  These  tubes  vrill  bo  tested. 

Two  identical  now  tubes  vri.ll  be  started, 

A  new  gun  will  bo  studied  in  a  Carcinotron  operating  at  1,000  Mc/s, 

This  study,  begun  at  the  end  of  the  period  corresponding  to  the 
present  report,  has  for  its  object  to  perrrit  : 

a  -  the  realization  of  a  linear  tube  the  first  finger  of  >diich  vrill 
not  bo  cooled, 

b  -  connecting  two  Carcinotrons  in  series. 
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